Review of 22 cases of meningioma indicates that this lesion occurs slightly more frequently on the left but without predilection for sex or age of the patient. The presenting symptoms were nonspecific. Plain radiographs of the skull sometimes demonstrated calcification in the tumor, but more often did not. Cerebral angiography frequently showed enlargement and displacement of the anterior choroidal artery on the side of the tumor; the lateral posterior choroidal artery on the side of the tumor was also enlarged and displaced in seven of nine patients who underwent vertebral arteriography. Pneumoencephalography accurately demonstrated the site and size of the lesion, as did radionuclide scanning if the lesion was vascular. Computerized tomographic (CT) scanning also determined the location and size of the tumors, as well as their mass effect and vascularity; CT scanning also demonstrated calcification that was not visible on the plain skull radiographs in two of six patients who underwent CT scanning and had calcification.
O
NLY about 100 cases of meningioma of the lateral ventricle have been reported in the English literature since 190074 We wish to report 22 patients who had meningioma of the lateral ventricle and to discuss the symptoms and radiographic findings, specifically those of vertebral angiography and computerized tomography (CT). Our study group consisted of all the patients with meningioma of the lateral ventricle diagnosed since January, 1972, in four Bay Area hospitals (Stanford University Medical Center, Stanford, and University of California School of Medicine, Veterans Administration Hospital, and Pacific Medical Center, San Francisco).
Summary of Cases

Age and Sex Distribution
Our 22 patients ranged in age from 13 to 68 years (mean 46 years). Eleven patients were male and 11 female. Location of Lesion In 13 of the 22 patients (59%), the meningioma was in the left lateral ventricle ( Table 1 ). The most common site was the trigone of the left lateral ventricle.
Symptoms
The presenting symptoms of the patients in our series were nonspecific (Table 2) . Headache and hemiparesis were the most common presenting symptoms. headache  40  70  hemiparesis  20  60  visual changes  15  50  memory loss  15  0  grand mal seizure  10  20  aphasia  10  10  vertigo  10  10  temporal lobe seizure  5  0  confusion  5  0  depression  5  0  loss of consciousness  5  0  nausea & vomiting  5  40  dysmetria  5  0  syncope  5  0  amenorrhea & galactorrhea  5  0  personality changes  5  60  unsteady gait  0  10  urinary incontinence  0  10  general malaise  0  10  tinnitus  0  10 R. L. M a n i , et al.
FIG. 1.
Left common carotid arteriogram, lateral projection, displaying enlargement of left anterior choroidal artery (small arrows) and small areas of neovascularity (large arrows) in a meningioma of the left lateral ventricle. The elevation of the middle cerebral artery complex is consistent with enlargement of the temporal lobe.
Diagnosis
Skull Radiographs. Nine patients demonstrated calcifications in the region of the tumor on plain skull radiographs. We also noted sellar changes consistent with increased intracranial pressure in 14 (64%); these findings consisted of enlargement of the sella and varying degrees of destruction of the sella turcica.
Carotid Arteriograms. Twenty-one patients underwent carotid arteriography ( Table 3) . Thirteen of these 21 had no evidence of anterior cerebral artery displacement. The other eight demonstrated definite shift of the internal cerebral vein away from the side of the tumor; three of these eight also showed a square shift of the anterior cerebral artery away from the side of the lesion. Seven patients demonstrated displacement of the anterior choroidal artery (AChA) on the side of the lesion; nearly half (11) had an enlarged choroidal artery on the side of the tumor (Fig. l) .
Six patients showed evidence of dilatation of the temporal horn of the lateral ventricle on the side of the tumor in the form of an elevated plexal segment of the AChA, which lies in the superior cleft of the temporal horn (Fig. 2) .
In nine patients tumor neovascularity was seen as a tangle of abnormal, small, discrete arteries ( Figs. 1-3 ). Seven patients displayed a vascular blush in the region of the tumor. In 10 of 11 patients in whom the AChA was enlarged, tumor vascularity, vascular blush, or both, appeared at the site of the tumor. In one patient, who had meningioma of the trigone of the right lateral ventricle, the tumor was also supplied by branches of the right middle cerebral artery. Vertebral Arteriograms. Nine patients underwent vertebral arteriography (Table 4) . Seven of these nine showed displacement of the lateral posterior choroidal artery (PChA) on the side of the lesion; lateral displacement of this vessel was the most common f~nding. In all seven patients, this vessel was enlarged and a vascular blush was demonstrated at the site of the tumor (Fig. 4) .
Only four of the nine patients showed neovascularity at the site of the lesion. Two patients, who demonstrated enlargement of the lateral PChA and a vascular blush in the region of the tumor on the vertebral arteriogram, had normal carotid arteriographic findings.
Pneumoencephalograms. Six of the 22 patients underwent pneumoencephalography. The location (four were on the trigone, one on the temporal horn, and one on the atrium) and size of the tumors (range 2.5 to 6.0 cm, mean 4.0 cm) predicted from the pneumoencephalograms correlated well with the surgical findings (Fig. 5) .
Radionuclide Brain Scans. Six of the 22 patients had technetium-99m brain scans. 
creased uptake in the region of the tumor and the correct tumor location (verified surgically).
Computerized Tomographic Scans. Seven patients underwent cerebral CT (Table 5 ). In six of the seven the attenuation coefficient in the region of the tumor was consistent with calcification ( Fig. 6 left) . Two of these six patients had demonstrated no calcification on R. L. M a n i , et al.
plain skull radiographs. Four of the seven patients showed an area of decreased attenuation coefficient consistent with edema adjacent to the tumor (Fig. 7) .
In all but one of the seven patients, the lesion demonstrated vascularity by enhancing after administration of contrast material (Fig. 6 right) . Location and size estimates of the tumors were found to be accurate when compared with the operative results.
Discussion
Intraventricular meningiomas are thought by some to arise from the arachnoidal tissue. This tissue is carried along with the choroid plexus as the ventricular system invaginates. 1~ Others think intraventricular meningiomas are derived directly from the stroma of the choroid plexus, which arises from the same cell layer as the meninges. 1~
The meningiomas in our study showed a slight predilection for the left side, a finding in agreement with other cases reported? ,9 Although some investigators 9,15 have suggested that females may be more commonly affected by meningioma of the lateral ventricle, there was no sex or age predominance in our series.
In our patients, as in those of others, s'''8,9'x5 the presenting symptoms of meningioma of the lateral ventricle were nonspecific, a finding consistent with that of Kobayashi, et al. 9 Headache and hemiparesis were the most common symptoms, a result in agreement with Wall's review? ~ On the plain radiographs of the skull, the tumor did not always show calcification, but the incidence of calcification was greater than has been reported? ,8,4,~ Erosion and expansion of the sella turcica were more common than calcification but were nonspecific findings. The incidence of erosion and expansion is somewhat less than that previously reported? '3'''~ Personality changes and vomiting were significantly less common in our series than in that of Kobayashi, et al) The arteriographic findings demonstrated in our patients and described in the literature are not pathognomonic but they can raise the suspicion of intraventricular meningioma. Other investigators note that enlargement of the AChA or abnormal vessels filling from this artery is characteristic of intraventricular meningioma? ,7,~5 In a case reported by Rogers ~2 of a meningioma of the 
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Enlargement of a choroidal artery, with or without neovascularity or vascular blush, was characteristic but not pathognomonic of intraventricular meningioma in our patients. Other intraventricular tumors can also cause enlargement of a choroidal artery or arteries; this enlargement is greatest in cases of vascular malformation, papilloma of the choroid plexus, and ependymoma; glioma and carcinoma in this location can cause enlargement of a choroidal artery to a lesser degree. 11 Cholesteatoma, which frequently occurs in this location, is avascular.
In addition to the choroidal arteries being enlarged, in several of our patients they were also displaced (Tables 3 and 4 ). Superior and medial displacements of the plexal and proximal atrial segment of the AChA were probably due to mass effect in the temporal horn and atrium of the ventricle; anterior and medial displacements of the atrial and plexal portions of the anterior cerebral artery may have been due to tumor in the ventricle or dilatation of the temporal horn. The lateral displacement of the plexal and atrial segments of the AChA seen in some of our patients may indicate asymmetrical growth of the tumor causing displacement of the feeding vessels attached to its surface.
Anterior, inferior, and medial displacement of the lateral PChA may represent dilatation of the lateral ventricle. The lateral deviation of the lateral PChA probably indicates asymmetrical growth of the tumor and displacement of the lateral PChA as the feeding vessel attached to it.
In addition to enlargement and displacement of the AChA, several of our cases show that the lateral PChA may be the only vascular supply to the tumor. Therefore, normal carotid arteriographic findings do not rule out the possibility of intraventricular meningioma. It is advisable to demonstrate the vascular supply of any tumor preoperatively. Feeding vessels from the posterior circulation to an intraventricular meningioma will be missed if only the anterior cerebral circulation is examined. The direction of displacement of choroidal arteries can often indicate the intraventricular location of the tumor, reflecting tumor mass in the ventricle or dilatation of the ventricle on the affected side.
In our series, as in others, s,~ pneumoencephalography proved to be highly accurate in identifying the location and size of the lesion, but did not significantly narrow the differential diagnosis. As others have found, 8,9,13 radionuclide scanning was also sensitive in locating the tumors, and allowed identification of the vascular nature of the tumors examined.
In the seven patients examined with CT, the mass effect and shift of midline structures was determined and accurate assessment of the size and site of the lesions obtained on the unenhanced scan. Calcification and hydrocephalus were also determined on the unenhanced scan. Meningiomas characteristically appear as homogeneous areas of high density with discrete borders; their attenuation coefficients average 20 to 35 new Hounsfield EMI units if no calcification is present, but the range of density extends as high as 300 if the lesion is calcified? A case has been noted, however, in which a meningioma had the same attenuation coefficient as surrounding brain. 5 In two of our patients, the unenhanced CT scan detected calcifications that could not be seen on the plain skull radiographs. Six of the seven lateral ventricular meningiomas examined using CT scanning with contrast material were found to be vascular.
The results of our study suggest that in the evaluation of suspected meningioma of the lateral ventricle the modality of choice is CT scanning to determine the site, size, density, and vascularity of the lesion. Carotid and vertebral arteriography should be performed preoperatively to determine which arteries supply the lesion.
